The incidence of Iv! endelson' s syndrome in the four major A uckland hospitals is reviewed. The frec;uency. ~! this c~nditio,,! was redu~ed followinfJ the pre-operative administration of magnestum tnstltcate mtxture m two hospttals. A tnal was conducted in a third hospital ll:nd th.is showed that a 52 per cent incidence of highly acid gastric juice (PH less than 2·5) m .pattents prepa~ed for electwe surgery was reduced by administration of magnesium trisilicate m~xture at the t~me of p~emedtcatwn: When the magnesium trisilicate mixture was given wtthm the 30 mmutes pnor to mductwn of anaesthes1a, the number of patients with highlv acid gastric content fell to onc per cent. "
INTRODUCTION
In 1966, Taylor and Pryse-Davies showed that the oral administration of magnesium trisilicate mixture markedly reduced gastric acidity. They postulated that its use in operative obstetric practice would reduce the incidence of the acid-aspiration syndrome described by Mendelson in 1946 . Inhalation of gastric juice with a pH higher than 2·5 causes little damage compared with the devastating effects of aspiration of juice with a pH lower than 2·5 ( Bannister and Sattilaro 1962, Vandam 1965) . As a result of these studies, the administration of magnesium trisilicate mixture was instituted in Auckland at National Women's Hospital and Middlemore Hospital in 1970, for acute obstetric cases requiring general anaesthesia. Subsequently the regime was extended to include all operative cases scheduled for emergency or elective surgical procedures. National Women's Hospital is the city's major obstetric and gynaecological hospital while Middlemore Hospital is a large general hospital covering much acute trauma as well as containing an obstetric unit.
The incidence of severe acid-aspiration syndrome in the Auckland Hospital Board's institutions (Auckland Hospital, Green Lane Hospital, ~ational Women's Hospital and }liddlemore Hospital) altered dramaticallv over the next few years. In the three years" 1967-1969, ten cases of severe pulmonary aspiration syndrome occurred, and all required admission to the Department of Critical Care at Auckland Hospital. During this period, 107,457 operations were performed in the four hospitals, so the incidence of Mendelson's syndrome was approximately 1 in 11,000. In 1970, magnesium trisilicate mixture was introduced at National Women's and Middlemore Hospitals, and in the three vears 1970-1H72, the total incidence for the four hospitals fell to three cases of severe pulmonary aspiration. from a total of 117,891) operations--an incidence of approximately 1 in 40,000. Two of these three cases occurred in I H70, the transition year. . Examining the figures for individual hospitals, Lt was found that the incidence at National Women's Hospital was 1 in 4,500 before the introduction of magnesium trisilicate, but since its use, no severe cases have occurred. At Middlemore Hospital, before the use of antacid, the incidence was 1 in 16,000; it has decreased to 1 in 50,000 since using magnesium trisilicate. At Auckland Hospital, a large general hospital where magnesium trisilicate had not been used, the incidence remained virtually unchanged over the six years, falling slightly from 1 in 13,000 to 1 in 16,000.
The other hospital where magnesium trisilicate has not been used is Green Lane, a general hospital which contains the Anaesthesia and Intensive Care, Vol. 111, No. 3, August, 197; ,  cardiothoracic unit. It has always had a fairly low incidence of Mendelson's syndrome throughout the six year period, of approximately 1 in 19,000.
Thus it appears that the use of magnesium trisilicate mixture as a pre-operative routine has reduced the incidence of Mendelson's syndrome.
Before introducing magnesium trisilicate mixture as a routine pre-operative measure at Auckland Hospital, it was decided to conduct a trial to assess the efficacy of the regime.
METHOD
One hundred patients scheduled for elective surgery, aged from 5 to 82 years (mean age 37 years) made up series A. There were 58 males and 42 females in the series. Gastric contents were sampled as soon as possible after induction of anaesthesia. Anaesthesia was induced with thiopentone in all cases and continued with nitrous oxide, oxygen and halothane via a face-mask in 53 patients. As soon as they were adequately anaesthetized, a size 16 French gauge disposable Levin type duodenal tube was passed into the stomach, and a 20 ml syringe used to empty the stomach as completely as possible. The other 47 patients were given suxamethonium after induction, were oxygenated and then intubated. As soon as the patients were settled, gastric contents were sampled by the same method. All gastric samples had their volumes recorded and the pH was measured with Riedel de Haen's universal indicator paper (pH range 1-11). While this method does not have the sensitivity of a pH meter, it was considered sufficiently accurate for this study.
A second group of 100 patients (series B) aged from 5 to 78 years (mean 38 years) who were scheduled for elective surgical procedures similar to those of series A was then studied. There were 60 males and 40 females in the series. These patients were given magnesium trisilicate mixture, B.P.C., which contains magnesium trisilicate, light magnesium carbonate and sodium bicarbonate. To this mixture was added methyl cellulose to 0·75 per cent. This produces a more stable suspension, thus delaying precipitation and allowing a more uniform concentration to be administered (Shaw 1973) . The mixture was given orally at the time when the patients would normally receive their parenteral premedication. This time varied from 5 to 135 minutes (mean 52 minutes) prior to induction of anaesthesia. Dosage employed was 5 ml for those aged 5 to 10 years, and 10 ml for all patients aged over 10 years. Gastric sampling was performed as soon as possible after induction of anaesthesia, and volumes and pH measured in a manner similar to series A. Induction was with thiopentone in all cases, and anaesthesia was continued with nitrous oxide, oxygen and halothane via a face-mask in 56 cases, while suxamethonium administration, oxygenation and intubation were carried out in the other 44 patients. A third group of 100 patients (series C) scheduled for elective surgery similar to the other groups was then studied. Patients in this series were aged from 5 to 80 years, with a mean age of 39 years. There were 61 males and 39 females. Patients in this series were given the same dosage of magnesium trisilicate mixture as those in series B, but the administration was delayed until they arrived in the theatre suite, so that induction of anaesthesia took place within 30 minutes of the patients receiving the antacid. This interval varied from 10 to 30 minutes with a mean value of 19·9 minutes. Induction was with thiopentone in all cases, and continued with nitrous oxide, oxygen and halothane via a face-mask in 58 instances, while suxamethonium administration, oxygenation and intubation were carried out in the other 42 patients. Gastric contents were then sampled and measured as in series A and B. The comparability of the three series is summarized in Table 1 . Patients undergoing gastric or oesophageal surgery were excluded from all series in case they had abnormal gastric secretion or obstructive problems.
RESULTS
In series A, recorded volumes of gastric contents ranged from J to HO m!. The mean volume was 13·4 m!. Recorded pH ranged from] to 9 with a mean pH ;) ,2. Fifty-two patients (;-;2 per cent) showed a gastric pH of 2·5 or lower, and the mean volume of the gastric contents in these 52 patients was 16·8 ml, but in fifteen of these, volumes of 2.5 ml or more were noted. In the 48 patients with a gastric pH higher than 2 '5, the mean volume was only 10 m!. Analvsis showed no significant difference in volume or pH, between the sexes, between different age groups, whether patients had premedicant drugs or not, or whether they were inpatients or outpatients. :\' or were there alTV significant differences for different types of operation or anaesthetic technique.
In series E, the mean recorded volume of gastric contents was 18·8 ml, with a range of 1 to 93 m!. The pH ranged from 1 ·f; to 10, with a mean pH 7·0. This pH is very significantly higher than that in series A (P<O·OOO.5). Twelve patients had a pH less than 2 '5, ane! in these 12 patients the mean gastric content volume was 19·4 m1. Four of these patients had volumes of 25 ml or more. Analysis of series E patients showed no significant difference in volume or pH between the sexes, different age groups, whether patients were premedicated or not, nor whether they were of inpatient or outpatient status. There was no significant difference in volume or pH related to different types of operation or anaesthetic technique. However, analysis of the time interval between administration of magnesium trisilicate and induction of anaesthesia revealed some interesting information. In 37 patients who had magnesium trisilicate within 30 minutes of induction of anaesthesia, mean pH was 8 -:3 and mean volume of gastric content was 17·4 m1. No patient had a pH less than 2 ·5. Of :);) patients who received their magnesium trisilicate between 31 and 60 minutes prior to induction of anaesthesia, six showed a pH less than 2·f). The mean pH was 6·2 and the mean volume 20· 3 m1. The thirty patients who had their magnesium trisilicate more than 60 minutes prior to induction of anaesthesia showed a mean pH of 6·1 and a mean volume of 19· 0 m1. Six patients had a pH less than 2·5 (Table 2) . The difference in gastric volumes between these groups was not significant, but the differences in mean pH between the 0-;)0 minute group and the other two groups were highly significant (P<0·0005).
As a result of these findings, a third series of patients (series C) was studied. Series A mean pH is significantly lower than mean pH in series B or series C (P < 0·0005).
Series C mean pH is significantly higher than series B (P<O·OI).
Series A mean volume is significantly lower than mean volume in series B (p<O'0125), or series C (p<O·025).
In series C, all 100 patients received their magnesium trisilicate mixture within 30 minutes of induction of anaesthesia. Volumes of gastric content ranged from 1 to 92 ml, with a mean volume of ] 7· 6 ml, and a mean pH of 8·3 (range 2 to 11). This pH is very significantly higher than that in series A (;1><0'0005) and significantly higher than that in series B (P<O·Ol). Only one patient presented a pH less than 2·5 (pH 2). His gastric aspirate had a volume of 32 ml. Analysis of series C patients showed no significant difference in volume or pH for different sexes, different age groups, whether patients were premedicated or not, or whether they were inpatients or outpatients. Again, there was no significant difference in volume or pH related to different types of operation or anaesthetic technique. The results are 10 '1 ~ ....
Although the volumes are very different, there is a striking similarity in the mean pH and the number with low pH between these elective patients and Peskett's (1973) patients undergoing caesarean section. Certainly the volume of acid inhaled is also important, and this study shows that appreciable volumes are present in many patients. For example, in those patients with a gastric contents pH less than 2·5 in series A, 29 per cent (15 patients) showed volumes of 25 ml or more. These are not the summarized in Table 3 , and the distribution of pH readings in series A, the control, are compared with those of series C, the final group, in Figure 1 .
DISCUSSION
The most alarming finding of this study is that in fully prepared patients scheduled for elective surgical procedures, there was a 52 per cent incidence of highly dangerous gastric acidity (pH less than 2 '5) which could have resulted in Mendelson's syndrome if the gastric contents had been regurgitated or vomited, and subsequently inhaled into the respiratory tract. massive volumes that are associated with acute obstetric patients (Hutchinson 1967 , Peskett 1973 ) but one cannot be certain that total gastric contents have been obtained in any study of this nature. Volumes obtained are the least that could have been present. As a result of work with Rhesus monkeys where pulmonary aspiration of 0·4 ml of acid juice per kilogram of body weight caused severe acid-aspiration syndrome, Roberts and Shirley (1974) concluded that as little as 25 ml inhaled by the human subject could cause severe Mendelson's syndrome. As has been shown in the results, there are at least 15 patients (15 per cent) in a Anaesthesia and Intensive Care, Vol. HI, No. 3, August, 1975 series of fully prepared patients for elective surgery, where this could have occurred, In series B, the pre-operative use of magnesium trisilicate mixture marked!\' reduced the acidit\, of the gastric contents, but 'there was still a considerable number of patients with appreciable volumes of low pI! gastric fluid. Again, the mcan pH and the percentage showing low pH's are comparable with l'eskett's (I !)73) figures for patients undergoing caesarean section after magncsium trisilicate administration, At first it was proposed to correct this considerable incidence of low pH's 1)\' using larger doses of antacid, hut further analysis showed that a low pH onl\' occurred in those patients who had received their antacid more than thirh' minutes prior to induction of anaesthesia. A marked increase in gastl ic pH was recorded in scries C patients, all of whom received their magnesium trisilicate within thirt\' minutes of induction of anaesthesia. EYcn S(;, one patient still had a potcntialh' dangerous pH (:2) with a significant volume of gastric content (:{:2 ml). I t appears that gastric juice continues to be sccreted during the fasting pre-operatiye period. If the time interval between antacid administration and induction of anaesthesia is sufficientlv long, the effcct of the antacid is diminished, an~1 the pH fall,; again. To oYerco]]]e this, the time inter\'al hetween antacid administration and induction should bc decreased, and a maximum interval of :{O minutes appears to be most suitable. .\n aiternatiye would be to increase thc dosage hut this has not been investigated so far. Currcnth', the magncsium trisilicate mixture is administered to patients on arrival in the operating theatre suite. This is dont' b\' regi,;tered nursing staff during the process (;f checking in the paticnts.
The mean volume of gastric contents in series .\ (I:{ ',1 ml) appears signiticantly les,; than in series B (11-i'b ml) (p (I'OI:2;"i) anct'in snies C (17'ti ml) (p 0·0:2;») but this probabh' refiects the volu111e increase due tu tllC adniinistered antacid rather than an\' increascd secretion of acid in re';jlonse to tile pr{'sence of antacid. There is no significant difference between the mean volumes of series Band C. If the increased volumes in series Band C are due to acid secretion stimulated 11\' tht' antacid, this small \'OIUllle increase would seem a lesser hazard than till' presence of a low pH gastric content.
:\'eutralization of acid gastric juice with magne"ium trisiJicate mixture doe,; not plT\'Cnt inhalation of gastric contents, and all other nll'asures for minimizing this jlossibilih' must still be employed. However, inhalation of magnesium trisilicate seems unlikely to cause pulmonary damagc.
Although "tay-Ior and Pry'se-Da vies (1 !IIifi) caused severe dcul1age to a rat's lungs b\' tracheal instillation of pure magnesium trisilicate mixture, the dose used was equivalent to about I7iI ml in a 70 kg human. \Vhen the\' injected mixtures of gastric juice and magnesium trisilicate mixture into rats' lungs, mild damage was the worst consequence. Shaw (1973) states that patients have inhaled magnesium trisilicate mixture without "uffering all\' ill effects. :\'0 side effects from tile use of magnesium trisilicate mixture have been noted.
Also worthy of consideration is the fact that while pre-ol;erativeh' admini"tered antacid ohviousl\' reduces gastric acidit\, at the time of induction of anaesthesia, aspiration ma\, still occur at the conclusion of a prolonged proc"edure, or e\'en during the conduct of anaesthesia (Blitt, ct al. ] !170). The question of \yhether antacid administration provides protection throughout this period is the subject of Cl further stud\,. It v,ill also be noted that children ullCler the age of five \'ears have been excluded from these series. These patients arc also being currently investigated. .
~ CmicLusIO~
The administration of magnesium trisilicate mixture within thirtv minutes before induction of anaesthesia to all I"Jatients undergoing surgen' is a safe, simple and \wrtlmhile procedure for raising the pH of gastric contents al)()ve :2 .;), This measure "hould signiticantly reduce the incidence of :'Iiendelson' s acid-aspiration s\'ndrome.
